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(57)  Agasturbine engine (20) includes aturbine sec-
tion (28) located at an engine central longitudinal axis
(A), a combustor (56) configured to drive rotation of the
turbine section (28) with combustion products, and a
compressor section (24) coupled to the turbine section
(28) at the engine central longitudinal axis (A) and driven
by the turbine section (28). An auxiliary compressor (60)
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GAS TURBINE ENGINE WITH ELECTRICALLY DRIVEN COMPRESSOR

is located fluidly between the compressor section (24)
and the combustor (56) such that an airflow exiting the
compressor section (24) is directed toward the auxiliary
compressor (60). The auxiliary compressor (60) is driven
independently from the compressor section (24) and is
configured to output the airflow toward the combustor
(56).
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Description
BACKGROUND

[0001] Exemplary embodiments of the present disclo-
sure pertain to the art of gas turbine engines, and more
particularly to compression of airflow in gas turbine en-
gines.

[0002] Gas turbine engine performance is a function
of Operating Pressure Ratio (OPR), with a higher OPR
being indicative of improved cycle efficiency. Several fac-
tors prevent achieving higher OPR, including compres-
sor exit temperature (T3) limits, turbine inlet temperature
(T4) limits, and engine core size.

[0003] To achieve a higher OPR, additional compres-
sor stages of diminishing size are needed. Conventional
turbofan gas turbine engines are two-spool configura-
tions, with a low pressure spool including a low pressure
compressor and a low pressure turbine that are intercon-
nected by a low pressure shaft, and similarly a high pres-
sure spool including a high pressure compressor and a
high pressure turbine that are interconnected by a high
pressure shaft. The low pressure shaft extends through
an interior of the high pressure spool, thus limiting an
inner diameter of the high pressure compressor. For a
given flow area or inlet velocity to the high pressure com-
pressor, this limitation may require the last stages of high
pressure compressor rotors to have very small blade
heights (spans) with the result that compressor perform-
ance may be dominated by clearance effects.

BRIEF DESCRIPTION

[0004] In one aspect of the present invention, a gas
turbine engine includes a turbine section located at (or
arranged to rotate about) an engine central longitudinal
axis, a combustor configured to drive rotation of the tur-
bine with combustion products, and a compressor sec-
tion coupled to the turbine section at (or along) the engine
central longitudinal axis and driven by the turbine section.
An auxiliary compressor is located fluidly between the
compressor section and the combustor such that an air-
flow exiting the compressor section is directed toward
the auxiliary compressor. The auxiliary compressor is
driven independently from the compressor section and
is configured to output the airflow toward the combustor.
[0005] Additionally or alternatively, in this or other em-
bodiments an intercooler heat exchanger is located flu-
idly between the compressor section and the auxiliary
compressor to cool the airflow exiting the compressor
section.

[0006] Additionally or alternatively, in this or other em-
bodiments an intercooler valve is operable to allow the
airflow to selectably bypass the intercooler heatexchang-
er.

[0007] Additionally or alternatively, in this or other em-
bodiments the airflow is cooled at the intercooler heat
exchanger via thermal energy exchange with one of a
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bypass airflow, a RAM airflow or an airflow from another
aircraft system or engine system.

[0008] Additionally or alternatively, in this or other em-
bodiments a compressor valve is operable to allow the
airflow to selectably bypass the auxiliary compressor.
[0009] Additionally or alternatively, in this or other em-
bodiments an electric motor drives the auxiliary compres-
Sor.

[0010] Additionally or alternatively, in this or other em-
bodiments electrical energy to drive the electric motor is
from a generator operably connected to the turbine sec-
tion.

[0011] Additionally or alternatively, in this or other em-
bodiments the auxiliary compressor is located remotely
from the engine central longitudinal axis.

[0012] Additionally or alternatively, in this or other em-
bodiments the turbine section includes a variable pitch
vane stage.

[0013] Additionally or alternatively, in this or other em-
bodiments the gas turbine engine includes a low pressure
spool including a low pressure turbine of the turbine sec-
tion and a low pressure compressor of the compressor
section coupled to the low pressure turbine and driven
by the low pressure turbine, and a high pressure spool
including a high pressure turbine of the turbine section
and a high pressure compressor of the compressor sec-
tion coupled to the high pressure turbine and driven by
the high pressure turbine. The auxiliary compressor is
fluidly connected to an exit of the high pressure compres-
sor between the high pressure compressor and the com-
bustor.

[0014] Additionally or alternatively, in this or other em-
bodiments the low pressure spool and the high pressure
spool are coaxial.

[0015] In another aspect of the present invention, a
method of operating a gas turbine engine includes driving
rotation of a compressor section of the gas turbine engine
by rotation of a turbine section of the gas turbine engine,
compressing an airflow at the compressor section, further
compressing the airflow at an auxiliary compressor driv-
enindependently from the compressor section, and com-
busting the further compressed airflow at a combustor
section to drive rotation of the turbine section with the
combustion products.

[0016] Additionally or alternatively, in this or other em-
bodiments the airflow is cooled at an intercooler heat
exchanger before further compressing the airflow at the
auxiliary compressor.

[0017] Additionally or alternatively, in this or other em-
bodiments the airflow is cooled at the intercooler heat
exchanger via thermal energy exchange with one of a
bypass airflow, a RAM airflow or an airflow from another
aircraft system or engine system.

[0018] Additionally or alternatively, in this or other em-
bodiments the airflow is directed to selectably bypass
one or more of the auxiliary compressor or the intercooler
heat exchanger via operation of one or more valves.
[0019] Additionally or alternatively, in this or other em-
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bodiments the auxiliary compressor is driven by an elec-
tric motor.

[0020] Additionally or alternatively, in this or other em-
bodiments electrical energy to drive the electric motor is
from a generator operably connected to the turbine sec-
tion.

[0021] Additionally or alternatively, in this or other em-
bodiments the auxiliary compressor is located remotely
from the engine central longitudinal axis.

[0022] Additionally or alternatively, in this or other em-
bodiments a variable pitch vane stage is operated at the
turbine section to control the airflow entering the turbine
section.

[0023] Additionally or alternatively, in this or other em-
bodiments the gas turbine engine is a two-spool gas tur-
bine engine and the auxiliary compressor is located flu-
idly between a high pressure compressor section and
the combustor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a schematic illustration of an embodiment
of a gas turbine engine;

FIG. 2 is another schematic illustration of an embod-
iment of a gas turbine engine including an auxiliary
compressor;

FIG. 3 is a schematic illustration of another embod-
iment of a gas turbine engine including an auxiliary
compressor; and

FIG. 4 is a schematic illustration of yet another em-
bodiment of a gas turbine engine including an aux-
iliary compressor.

DETAILED DESCRIPTION

[0025] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.

[0026] FIG. 1 schematically illustrates an embodiment
of a gas turbine engine 20. The gas turbine engine 20 is
disclosed herein as a two-spool turbofan that generally
incorporates a fan section 22, a compressor section 24,
a combustor section 26 and a turbine section 28. Alter-
native engines might include other systems or features.
The fan section 22 drives air along a bypass flow path B
in a bypass duct, while the compressor section 24 drives
air along a core flow path C for compression and com-
munication into the combustor section 26 then expansion
through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
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non-limiting embodiment, it should be understood that
the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to
other types of turbine engines including three-spool ar-
chitectures or engines powering distributed or remote
propulsors.

[0027] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.

[0028] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, alow pressure
compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine en-
gine 20 is illustrated as a geared architecture 48 to drive
the fan 42 at a lower speed than the low speed spool 30.
The high speed spool 32 includes an outer shaft 50 that
interconnects a high pressure compressor 52 and high
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. An engine
static structure 36 is arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
engine static structure 36 further supports bearing sys-
tems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.

[0029] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. It will be appreciated that
each of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and
fan drive gear system 48 may be varied. For example,
gear system 48 may be located aft of combustor section
26 or even aft of turbine section 28, and fan section 22
may be positioned forward or aft of the location of gear
system 48.

[0030] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than aboutfive. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan
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diameter is significantly larger than that of the low pres-
sure compressor 44, and the low pressure turbine 46 has
a pressure ratio that is greater than about five 5:1. Low
pressure turbine 46 pressure ratio is pressure measured
prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear sys-
tem or other gear system, with a gear reduction ratio of
greater than about 2.3: 1. It should be understood, how-
ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present disclosure is applicable to other gas tur-
bine engines including direct drive turbofans.

[0031] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition--typically cruise at about 0.8Mach and about
35,000 feet (10,688 meters). The flight condition of 0.8
Mach and 35,000 ft (10,688 meters), with the engine at
its best fuel consumption--also known as "bucket cruise
Thrust Specific Fuel Consumption ('TSFC’)"--is the in-
dustry standard parameter of Ibm of fuel being burned
divided by Ibf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R)/(518.7 °R)]%:5
(where °R = 9/5 x K). The "Low corrected fan tip speed"
as disclosed herein according to one non-limiting em-
bodiment is less than about 1150 ft/second (350.5
m/sec).

[0032] Referring now to FIG. 2, the gas turbine engine
20 includes additional features allowing for an increased
Operating Pressure Ratio (OPR) for a given high pres-
sure compressor 52 exit temperature (T3). An auxiliary
compressor 60 is operably connected to the high pres-
sure compressor 52, and is configured to further com-
press a core airflow 72 exiting the high pressure com-
pressor 52 via a high pressure compressor outlet 62 re-
sulting in an increased OPR compared to an engine with-
out the auxiliary compressor. In the embodiment of FIG.
2, the auxiliary compressor 60 is located off axis relative
to the high pressure compressor 52. Restated, the aux-
iliary compressor 60 is not located at the engine central
longitudinal axis A.

[0033] A compressor pathway 64 connects the high
pressure compressor outlet 62 and an auxiliary compres-
sor inlet 66. An intercooler heat exchanger 68 is located
along the compressor pathway 64 such that such that
the core airflow 72 directed from the high pressure com-
pressor 52 toward the auxiliary compressor 60 is cooled
via thermal energy exchange with a cooling airflow 70 at
the intercooler heat exchanger 68. The cooling airflow
70 may be, for example, directed from the bypass flow
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path B, may be RAM air from outside of the gas turbine
engine 20, or fluid flow from another engine or aircraft
system. Once passed through the auxiliary compressor
60, core airflow 72 is directed to the combustor 56 where
it is combusted with fuel. The use of the intercooler heat
exchanger 68 reduces the temperature of the core airflow
72 exiting the auxiliary compressor 60 thus allowing more
fuelto be added into the combustor 56 to improve or raise
the turbine inlet temperature T4.

[0034] One or more valves are included to allow for
selectably flowing the core airflow 72 to or around com-
ponents of the arrangement illustrated in FIG. 2. For ex-
ample, an intercooler valve 74 is located along the com-
pressor pathway 64 and is operable to selectably direct
the core airflow 72 toward the intercooler heat exchanger
68 or to allow the core airflow 72 to bypass the intercooler
heat exchanger 68. Similarly, one or more compressor
valves 76 are operable to either direct the core airflow
72 to the auxiliary compressor 60 or to allow the core
airflow 72 to bypass the auxiliary compressor 60 after
either passing through the intercooler heat exchanger 68
or bypassing the intercooler heat exchanger 68. Alterna-
tively, in some embodiments the auxiliary compressor 60
may be configured as a pass-through compressor, where
the core airflow 72 may be selectably passed through
the auxiliary compressor 60 without additional compres-
sion of the core airflow 72. Additionally a combustor valve
78 allows the core airflow 72 to be selectably directed
toward the auxiliary compressor 60 or to bypass the in-
tercooler heat exchanger 68 and the auxiliary compres-
sor 60 entirely and flowed directly to the combustor 56
from the high pressure compressor 52. The valves 74,
76, 78 may be operably connected to an engine controller
80 to selectably operate the valves 74, 76, 78 depending
on operating conditions of the gas turbine engine 20. Fur-
ther, the high pressure turbine 54 may include a variable
pitch vane stage 82, which is selectably operable via the
engine controller 80 to condition the core airflow 72 en-
tering the high pressure turbine 54.

[0035] The auxiliary compressor 60 is driven by an
electric motor 84 operably connected to the auxiliary
compressor 60. This allows for driving the auxiliary com-
pressor 60 independently from the speed of the low
speed spool 30 or the high speed spool 32. Further, the
electric motor 84 may be a variable speed motor so that
the rotational speed of the auxiliary compressor 60 is
variable. The electrical energy used to drive the auxiliary
compressor 60 may be from a power source such as an
electrical generator 86 and/or energy storage 88. The
electrical generator may be connected to and driven by
the low pressure turbine 46 as shown in FIG. 2, or may
alternatively be driven by the high pressure turbine 54.
[0036] Referring now to FIG. 3, while in some embod-
iments the auxiliary compressor 60 is off-axis from the
high pressure compressor 52, in other embodiments the
auxiliary compressor 60 is located at the central longitu-
dinal axis A but is independently driven about the engine
central longitudinal axis A by, for example, the electric
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motor 84. Additionally, in such configurations the auxil-
iary compressor 60 may be counter rotating compared
to a direction of rotation of the high pressure compressor
52. In still other embodiments, the electric motor 84 may
be integrated into a casing of the gas turbine engine 20,
and elements of the auxiliary compressor 60 may be part
of the electric motor 84. For example, the auxiliary com-
pressor 60 may be a tip driven configuration driven by
the electric motor 84.

[0037] Referring now to FIG. 4, the auxiliary compres-
sor 60 may be mechanically connected to the high speed
spool 32 via a power takeoff shaft 90 to drive the auxiliary
compressor 60, and further a variable differential gearbox
92 or the like may connect the power takeoff shaft 90 to
the auxiliary compressor 60 to allow for a rotational speed
differential between the high speed spool 32 and the aux-
iliary compressor 60. In other embodiments, the auxiliary
compressor 60 may be independently driven by other
means, such as an auxiliary turbine (not shown) connect-
ed to the auxiliary compressor 60.

[0038] The configurations disclosed herein including
the auxiliary compressor 60 allow for increased OPR at
a cruise operating condition without raising T3 in operat-
ing conditions such as climb or takeoff. Further, specific
power can be varied relative to efficiency via selectably
flowing the core airflow 72 through the intercooler heat
exchanger 68. Also, the electrically driven auxiliary com-
pressor 60 has a relatively low inertia compared to the
low speed spool 30 and the high speed spool 32, and
can provide on demand rapid response for operability
control of the gas turbine engine 20. Additionally, since
the auxiliary compressor 60 is located off of the engine
central longitudinal axis A, an internal diameter of the
auxiliary compressor 60 may be relatively small, allowing
for longer blade lengths and smaller clearance effects.
[0039] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of = 8% or 5%, or 2% of a given value.
[0040] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0041] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
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many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims
1. A gas turbine engine (20) comprising:

a turbine section (28) located at an engine cen-
tral longitudinal axis (A);

a combustor (56) configured to drive rotation of
the turbine section (28) with combustion prod-
ucts;

acompressor section (24) coupled to the turbine
section (28) at the engine central longitudinal
axis (A) and configured to be driven by the tur-
bine section (28); and

an auxiliary compressor (60) disposed fluidly be-
tween the compressor section (24) and the com-
bustor (56) such that an airflow exiting the com-
pressor section (24) is directed toward the aux-
iliary compressor (60), the auxiliary compressor
(60) configured to be driven independently from
the compressor section (24) and configured to
output the airflow toward the combustor (56).

2. Thegas turbine engine of claim 1, further comprising
an intercooler heat exchanger (68) disposed fluidly
between the compressor section (24) and the auxil-
iary compressor (60) to cool the airflow exiting the
compressor section (24), wherein, optionally, the air-
flow is cooled at the intercooler heat exchanger (68)
via thermal energy exchange with one of a bypass
airflow, a RAM airflow or an airflow from another air-
craft or engine system.

3. The gas turbine engine of claim 2, further comprising
an intercooler valve (74) operable to allow the airflow
to selectably bypass the intercooler heat exchanger
(68).

4. The gas turbine engine of claim 1, 2 or 3, further
comprising a compressor valve (76) operable to al-
low the airflow to selectably bypass the auxiliary
compressor (60).

5. The gas turbine engine of any preceding claim, fur-
ther comprising an electric motor (84) to drive the
auxiliary compressor (60), optionally wherein the
electric motor (84) is configured to be driven by elec-
trical energy from a generator (86) operably connect-
ed to the turbine section (28).
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The gas turbine engine of any preceding claim,
wherein the auxiliary compressor (60) is located re-
motely from the engine central longitudinal axis (A),
and/or wherein the turbine section (28) includes a
variable pitch vane stage (82).

The gas turbine engine of any preceding claim, fur-
ther comprising:

a low pressure spool (30) including:

a low pressure turbine (46) of the turbine
section (28); and

a low pressure compressor (44) of the com-
pressor section (24) coupled to the low pres-
sure turbine (46) and configured to be driven
by the low pressure turbine (46); and

a high pressure spool (32) including:

a high pressure turbine (54) of the turbine
section (28); and

ahigh pressure compressor (52) of the com-
pressor section (24) coupled to the high
pressure turbine (54) and configured to be
driven by the high pressure turbine (54),
wherein the auxiliary compressor (60) is flu-
idly connected to an exit of the high pressure
compressor (52) between the high pressure
compressor (52) and the combustor (56),

wherein, optionally, the low pressure spool (30)
and the high pressure spool (32) are coaxial.

A method of operating a gas turbine engine (20),
comprising:

driving rotation of a compressor section (24) of
the gas turbine engine (20) by rotation of a tur-
bine section (28) of the gas turbine engine (20);
compressing an airflow at the compressor sec-
tion (24);

further compressing the airflow at an auxiliary
compressor (60) driven independently from the
compressor section (24);

combusting the further compressed airflow at a
combustor (56) to drive rotation of the turbine
section (28) with the combustion products.

The method of claim 8, further comprising cooling
the airflow at an intercooler heat exchanger (68) be-
fore further compressing the airflow at the auxiliary
compressor (60).

The method of claim 9, wherein the airflow is cooled
at the intercooler heat exchanger (68) via thermal
energy exchange with one of a bypass airflow, a
RAM airflow or an airflow from another aircraft or

10

15

20

25

30

35

40

45

50

55

1.

12.

13.

14.

15.

engine system

The method of claim 9 or 10, further comprising di-
recting the airflow to selectably bypass one or more
of the auxiliary compressor (60) or the intercooler
heat exchanger (68) via operation of one or more
valves (74, 76).

The method of any of claims 8 to 11, wherein the
auxiliary compressor (60) is driven by an electric mo-
tor (84).

The method of claim 12, wherein electrical energy
to drive the electric motor is from a generator (86)
operably connected to the turbine section (24).

The method of any of claims 8 to 13 further compris-
ing operating a variable pitch vane stage (82) at the
turbine section (24) to control the airflow entering the
turbine section (24).

The method of any of claims 8 to 14, wherein the
auxiliary compressor (60) is located remotely from
the engine central longitudinal axis (A), and/or
wherein the gas turbine engine (20) is a two-spool
gas turbine engine and the auxiliary compressor (60)
is located fluidly between a high pressure compres-
sor section (52) and the combustor (56).
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